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SWITCH CURRENT SOURCE CIRCUIT AND
METHOD FOR QUICKLY ESTABLISHING
SWITCH CURRENT SOURCE

CROSS REFERENCE TO RELATED
APPLICATION

This 1s a Sect. 371 National Stage of PCT International
Application No. PCT/CN2020/089726, filed on 12 May
2020, which claims priority of a Chinese Patent Application

No. 2020102703401 filed on 8 Apr. 2020, the contents of
which are incorporated herein by reference in its entirety.

BACKGROUND

Field of Disclosure

The present disclosure relates to the field of analog
integrated circuits, 1 particular, to a switching current
source circuit and a method for quickly establishing a
switching current source.

Description of Related Arts

With the continuous development of integration and per-
formance of integrated circuits, today’s integrated circuits
have reached the level of 100 watts, which requires expen-
sive packaging, heat sinks and cooling environments.
According to Moore’s Law, the density of transistors
doubles every 18 months. However, 1t takes five years for
power technology to achieve the same growth rate. The
power technology has become a bottleneck. Large current in
circuits will reduce the life and reliability of products and
will cause failure when the dynamic voltage drop of power
supply 1s serious. Therefore, it 1s necessary to reduce the
power consumption of integrated circuit. Usually, bias cur-
rent 1s reduced to save power consumption.

One way to reduce power consumption 1s to cut ol bias
voltage path and pull the bias voltage to ground (for NMOS
transistors) or power supply (for PMOS ftransistors) to
disable a current source, thereby reducing the power con-
sumption. As shown 1n FIG. 1, an analog load 11, a first
transistor (Q1 and a second transistor Q2 are sequentially
connected 1n series. A gate of the first transistor Q1 1s
connected with a preset voltage Vb_cas (the first transistor
Q1 serves as a cascode transistor and 1s configured to
increase an internal resistance of the current source). A gate
of the second transistor Q2 receives a bias voltage Vb
through a first switch S1, and the bias voltage Vb 1s output
from the current mirror Q3. A gate of the second transistor
Q2 1s grounded through a second switch S2. An enable
signal En_b of the second switch S2 1s opposite to an enable
signal En of the first switch S1, one of the second switch S2
and the first switch S1 1s selected to be turned on, and the
second transistor Q2 1s used as a current source. A decou-
pling capacitor C i1s connected between the gate of the
transistor Q2 and the ground. When the current source
operates normally, the first switch S1 1s turned on, and a bias
current corresponding to the bias voltage Vb i1s generated at
a drain of the second transistor Q2. When the current source
1s disabled, the second switch S2 1s turned on, the gate of the
second transistor Q2 1s pulled down to ground, and the
current source 1s disabled. In this process, due to the larger
capacitance value of the decoupling capacitor C and the
weaker bias current at the input end of the current mirror 3,
the gate control current source requires a long setting time,
and the time constant 1s approximately C/gm_dio (C 1s a
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capacitance value of the decoupling capacitor, gm_dio 1s a
transconductance of the current mirror Q3). At the same

time, because the first switch S1 itself may generate a certain
voltage drop, the gate voltage of the second transistor Q2 1s
less than the bias voltage Vb, resulting in a deviation
(systematic error) between the actual current source and a
preset value.

Another way 1s to set a switching device in the current
source circuit to achieve the purpose of disabling the current
source and reducing power consumption. The switching
device can be set between the analog load and the current
source, or between the current source and ground (power
supply for PMOS). However, when an enable signal of the
switching device 1s switched, the bias voltage will have a
voltage bounce accordingly. As a result, the bias current
cannot be established quickly, and a large decoupling
capacitor needs to be added to suppress the current tluctua-
tion.

Therefore, how to use a switching current source to
reduce power consumption while ensuring the establishment
speed of the switching current source and reducing the die
s1Ze cost or silicon size cost has become one of the problems
to be urgently solved by those skilled in the art.

SUMMARY

The present disclosure provides a switching current
source circuit and a method for quickly establishing switch-
ing current source, to solve the problem of poor performance
of the switching current source when reducing the bias
current 1n the prior art.

The present disclosure provides a switching current
source circuit, which at least includes: a first switching
current source branch and a second switching current source
branch connected in parallel with an end of a load and
configured to regulate a current flowing through the load;
when a switching enable signal transitions, a bias node in the
first switching current source branch generates positive
bounce in the same direction as a transition direction of the
switching enable signal, a bias node in the second switching,
current source branch generates negative bounce 1n a direc-
tion opposite to the transition direction of the switching
enable signal, the positive bounce and the negative bounce
cancel each other out, so that the current flowing through the
load 1s quickly established when a toggle event happens.

Optionally, the first switching current source branch
includes a first NMOS transistor, a second NMOS transistor,
and a third NMOS transistor; a drain of the first NMOS
transistor 1s connected with the load, a gate of the first
NMOS ftransistor 1s connected with the switching enable
signal, and a source of the first NMOS ftransistor 1s con-
nected with a drain of the second NMOS transistor; a gate
of the second NMOS ftransistor 1s connected with a bias
voltage, and a source of the second NMOS transistor 1s
connected with a drain of the third NMOS transistor; a gate
of the third NMOS transistor 1s connected with a high
voltage, and a source of the third NMOS {transistor 1s
grounded.

The second switching current source branch includes a
fourth NMOS transistor, a fifth NMOS transistor, and a sixth
NMOS transistor; a drain of the fourth NMOS transistor 1s
connected with the load, a gate of the fourth NMOS tran-
sistor 1s connected with a high voltage, and a source of the
fourth NMOS transistor 1s connected with a drain of the fifth
NMOS ftransistor; a gate of the fifth NMOS transistor 1s
connected with the bias voltage, and a source of the fifth
NMOS transistor 1s connected with a drain of the sixth
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NMOS transistor; and a gate of the sixth NMOS transistor
1s connected with the switching enable signal, and a source
of the sixth NMOS transistor 1s grounded.

More optionally, the switching current source circuit
further includes a seventh NMOS transistor; a drain of the
seventh NMOS transistor 1s connected with the load, a gate
of the seventh NMOS transistor 1s connected with a preset

voltage, and a source of the seventh NMOS {transistor 1s
connected with the drains of the first NMOS transistor and
the fourth NMOS transistor.

More optionally, the switching current source circuit
further includes a first current source; one end of the first
current source 1s connected with the drains of the first
NMOS transistor and the fourth NMOS transistor, and the
other end of the first current source 1s grounded.

Optionally, the first switching current source branch
includes a first PMOS transistor, a second PMOS transistor
and a third PMOS transistor; a drain of the first PMOS
transistor 1s connected with the load, a gate of the first

PMOS ftransistor 1s connected with a low voltage, and a
source of the first PMOS transistor 1s connected with a drain
of the second PMOS transistor; a gate of the second PMOS
transistor 1s connected with the bias voltage, and a source of
the second PMOS transistor 1s connected with a drain of the
third PMOS ftransistor; a gate of the third PMOS transistor
1s connected with the switching enable signal, and a source
of the third PMOS ftransistor 1s connected with a power
supply.

The second switching current source branch includes a
fourth PMOS transistor, a fifth PMOS transistor and a sixth
PMOS transistor; a drain of the fourth PMOS transistor 1s
connected with the load, a gate of the fourth PMOS tran-
sistor 1s connected with the switching enable signal, and a
source of the fourth PMOS ftransistor 1s connected with a
drain of the fifth PMOS transistor; a gate of the fifth PMOS
transistor 1s connected with the bias voltage, and a source of
the fifth PMOS transistor 1s connected with a drain of the
sixth PMOS ftransistor; and a gate of the sixth PMOS
transistor 1s connected with a low voltage, and a source of
the sixth PMOS ftransistor 1s connected with the power
supply.

More optionally, the switching current source circuit
further 1includes a seventh PMOS transistor; a drain of the
seventh PMOS transistor 1s connected with the load, a gate
of the seventh PMOS transistor 1s connected with a preset
voltage, and a source of the seventh PMOS transistor 1s
connected with the drains of the first PMOS transistor and
the fourth PMOS ftransistor.

More optionally, the switching current source circuit
further includes a second current source; one end of the
second current source 1s connected with the drains of the first
PMOS transistor and the fourth PMOS transistor, and the
other end of the second current source 1s connected with the
power supply.

The present disclosure further provides a switching cur-
rent source circuit, which at least includes: a switching
current source branch connected with an end of a load and
configured to regulate a current flowing through the load.
When a switching enable signal transitions, a first bias node
in the switching current source branch generates positive
bounce 1n the same direction as a transition direction of the
switching enable signal, a second bias node 1n the switching
current source branch generates negative bounce in a direc-
tion opposite to the transition direction of the switching
enable signal, the positive bounce and the negative bounce
cancel each other out, so that the current flowing through the
load 1s quickly established when a toggle event happens.

10

15

20

25

30

35

40

45

50

55

60

65

4

Optionally, the switching current source branch includes
an eighth NMOS transistor, a ninth NMOS transistor, and a
tenth NMOS transistor; a drain of the eighth NMOS tran-
sistor 1s connected with the load, a gate of the eighth NMOS
transistor 1s connected with the switching enable signal, and
a source of the eighth NMOS transistor 1s connected with a
drain of the ninth NMOS transistor; a gate of the ninth
NMOS ftransistor 1s connected with a bias voltage, and a
source of the ninth NMOS transistor 1s connected with a

drain of the tenth NMOS transistor; and a gate of the tenth
NMOS ftransistor 1s connected with the switching enable
signal, and a source of the tenth NMOS transistor 1s
grounded.

More optionally, the switching current source circuit
further includes an eleventh NMOS transistor; a drain of the
cleventh NMOS transistor 1s connected with the load, a gate
of the eleventh NMOS transistor 1s connected with a preset
voltage, and a source of the eleventh NMOS transistor 1s
connected with the drain of the eighth NMOS transistor.

More optionally, the switching current source circuit
further includes a third current source:; one end of the third
current source 1s connected with the drain of the eighth
NMOS transistor, and the other end of the third current
source 1s grounded.

Optionally, the switching current source branch includes
an eighth PMOS transistor, a ninth PMOS transistor, and a
tenth PMOS transistor; a drain of the eighth PMOS transis-
tor 1s connected with the load, a gate of the eighth PMOS
transistor 1s connected with the switching enable signal, and
a source of the eighth PMOS transistor 1s connected with a
drain of the minth PMOS transistor; a gate of the ninth
PMOS transistor 1s connected with a bias voltage, and a
source ol the ninth PMOS transistor 1s connected with a
drain of the tenth PMOS transistor; and a gate of the tenth
PMOS ftransistor 1s connected with the switching enable
signal, and a source of the tenth PMOS transistor 1s
grounded.

More optionally, the switching current source circuit
further includes an eleventh PMOS transistor; a drain of the
cleventh PMOS transistor 1s connected with the load, a gate
of the eleventh PMOS transistor 1s connected with a preset
voltage, and a source of the eleventh PMOS transistor 1s
connected with the drain of the eighth PMOS transistor.

More optionally, the switching current source circuit
further includes a fourth current source; one end of the
fourth current source 1s connected with the drain of the
cighth PMOS ftransistor, and the other end of the fourth
current source 1s grounded.

The present disclosure further provides a method for
quickly establishing a switching current source. The switch-
ing current source includes one or two switching current
source branches and two bias nodes, the method at least
includes: generating, by the two bias nodes respectively,
positive bounce 1n the same direction as a transition direc-
tion of the switching enable signal and negative bounce 1n a
direction opposite to the transition direction of the switching
enable signal when a switching enable signal transitions,
cancelling the positive bounce with the negative bounce, so
that a current flowing through the load 1s quickly established
when a toggle event happens.

Optionally, the two bias nodes are respectively placed 1n
two parallel switching current source branches to regulate a
current ratio between the two switching current source
branches to balance charges.

Optionally, two bias nodes are placed 1n series in the same
switching current source branch.
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As described above, the switching current source circuit
and the method for quickly establishing the switching cur-
rent source ol the present disclosure have the following
beneficial eflects:

The switching current source circuit and the method for
quickly establishing the switching current source of the

present disclosure accelerate the establishment of current
through the coupling of charges, and reduce the decoupling,

capacitance at the same time, thereby reducing the circuit
area and saving the costs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic view of a current source circuit
in the prior art.

FIGS. 2 and 3 show schematic views of a switching
current source circuit according to an embodiment of the
present disclosure, respectively.

FIG. 4 shows a schematic view that the bias voltage 1n the
switching current source circuit generates bounces canceled
with each other with the transition of the switching enable
signal according to an embodiment of the present disclosure.

FIGS. 5§ and 6 show schematic views of another structure
of a switching current source circuit according to an embodi-
ment of the present disclosure, respectively.

FIGS. 7 and 8 show schematic views of a switching
current source circuit according to another embodiment of
the present disclosure, respectively.

DESCRIPTION OF REFERENCE NUMERALS

11 Analog load

2 Switching current source circuit

21 Load

22 First switching current source branch
23 Second switching current source branch
24 Switching current source branch

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

The embodiments of the present disclosure will be
described below through exemplary embodiments. Those
skilled 1n the art can easily understand other advantages and
cllects of the present disclosure according to contents dis-
closed by the specification. The present disclosure can also
be implemented or applied through other different exem-
plary embodiments. Various modifications or changes can
also be made to all details 1n the specification based on
different points of view and applications without departing
from the spirit of the present disclosure.

It needs to be stated that the drawings provided in the
following embodiments are just used for schematically
describing the basic concept of the present disclosure, thus
only 1illustrating components only related to the present
disclosure and are not drawn according to the numbers,
shapes and sizes of components during actual implementa-
tion, the configuration, number and scale of each component
during actual 1mplementation thereof may be {freely
changed, and the component layout configuration thereof
may be more complicated.

The present disclosure provides a switching current
source circuit to overcome the current source fluctuation and
reduce current settling time by the enable signal transition of
the switch.

FIGS. 2 and 3 show schematic views of a switching
current source circuit according to an embodiment of the
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6

present disclosure. The switching current source circuit 2
includes: a first switching current source branch 22 and a
second switching current source branch 23 connected 1n
parallel with one end of a load 21, for regulating current
flowing through the load 21.

As shown 1 FIGS. 2 and 3, when a switching enable
signal En transitions, a bias node A in the first switching
current source branch 22 generates positive bounce 1n a
same direction as a transition direction of the switching
enable signal En.

Specifically, 1 this embodiment, the first switching cur-
rent source branch 22 includes a first NMOS transistor N1,
a second NMOS transistor N2, and a third NMOS transistor
N3. A drain of the first NMOS transistor N1 1s connected
with the load 21, a gate of the first NMOS transistor N1 1s
connected with the switching enable signal En, and a source
of the first NMOS transistor N1 1s connected with a drain of
the second NMOS transistor N2. The first NMOS transistor
N1 serves as a switch. A gate of the second NMOS transistor

N2 1s connected with a bias voltage Vb, and a source of the
second NMOS transistor N2 1s connected with a drain of the
third NMOS transistor N3. The second NMOS transistor N2
generates a bias current as a current source based on the bias
of the bias voltage Vb. A gate of the third NMOS transistor
N3 is connected with a high voltage pu, and a source of the
third NMOS transistor N3 1s grounded. The third NMOS
transistor N3 1s turned on when 1ts gate voltage 1s a high
voltage, and the third NMOS transistor N3 serves as a
dummy transistor.

As shown 1n FIGS. 2 and 3, when the switching enable
signal En transitions, a bias node B 1n the second switching
current source branch 23 generates negative bounce 1n a
direction opposite to the transition direction of the switching
cnable signal En.

Specifically, in this embodiment, the second switching
current source branch 23 includes a fourth NMOS transistor

N4, a fifth NMOS transistor N5, and a sixth NMOS tran-
sistor N6. A drain of the fourth NMOS transistor N4 1s
connected with the load 21, a gate of the fourth NMOS
transistor N4 1s connected with a high voltage pu, and a
source of the fourth NMOS transistor N4 1s connected with
a drain of the fifth NMOS transistor N5. The fourth NMOS
transistor N4 1s turned on when the gate voltage 1s a high
voltage, and the fourth NMOS transistor N4 serves as a
dummy transistor. A gate of the fifth NMOS transistor N5 1s
connected with the bias voltage Vb, and a source of the fifth
NMOS ftransistor N5 1s connected with a drain of the sixth
NMOS transistor N6. The fifth NMOS transistor NS gener-
ates a bias current as a current source based on the bias of
the bias voltage Vb. A gate of the sixth NMOS transistor N6
1s connected with the switching enable signal En, and a
source of the sixth NMOS transistor N6 1s grounded. The
sixth NMOS transistor N6 serves as a switch.

As an example, the gates of the second NMOS ftransistor
N2 and the fifth NMOS transistor N5 are connected with one
end of a first capacitor C1 for voltage stabilization, the other
end of the first capacitor C1 1s grounded. In actual use, the
first capacitor C1 may be arranged 1n a circuit that provides
the bias voltage Vb, and the first capacitor C1 may not be
provided when the stability of the bias voltage Vb 1s ensured.

As shown 1 FIGS. 2 and 3, as an implementation of the

present disclosure, the switching current source circuit 2
further includes a seventh NMOS transistor N7. A drain of

the seventh NMOS transistor N7 1s connected with the load
21, a gate of the seventh NMOS ftransistor N7 1s connected
with a preset voltage Vb_cas, and a source of the seventh
NMOS transistor N7 1s connected with the drains of the first
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NMOS transistor N1 and the fourth NMOS transistor N4.
The seventh NMOS transistor N7 adjusts the impedance of
the entire circuit based on the preset voltage Vb_cas to
achieve impedance matching. As an example, the gate of the
seventh NMOS transistor N7 1s connected with one end of
the second capacitor C2 for voltage stabilization, the other
end of the second capacitor C2 1s grounded. In actual use,
the second capacitor C2 may be arranged in a circuit that
provides the preset voltage Vb_cas, and the second capacitor
C2 may not be provided when the stability of the preset
voltage Vb_cas 1s ensured.

As shown 1n FIGS. 2 and 3, as an implementation of the
present disclosure, the switching current source circuit 2
turther includes a first current source I11. One end of the first
current source I1 1s connected with the drains of the first
NMOS transistor N1 and the fourth NMOS transistor N4,
and the other end of the first current source 11 1s grounded.
The first current source I1 1s used to further speed up the
establishment of current. When the second NMOS transistor
N2 and the fifth NMOS transistor N5 are disabled, there 1s
still current passing through the first current source I1, to
ensure that the circuits above the drains of the first NMOS
transistor N1 and the fourth NMOS transistor N4 are not
completely closed, which further improves the recovery
speed of the current source. Generally, the value of current
of the first current source I1 1s 5% to 10% of the sum of the
current of the first switching current source branch 22 and
the second switching current source branch 23. The specific
value of the current of the first current source I1 can be set
according to actual needs, 1t 1s not limited to this embodi-
ment.

FIG. 4 shows a schematic view that the bias voltage in the
switching current source circuit generates bounces canceled
with each other with the transition of the switching enable
signal according to an embodiment of the present disclosure.
As shown 1n FIGS. 2 to 4, in the first switching current
source branch 22, a switch transistor N1 controlled by the
enable signal En 1s set at a drain (bias node A) of a current
mirror device N2. When the switching enable signal En
transitions from a high level to a low level, the voltage of the
bias node A transitions from Vb_cas-Vgs (Vgs 1s a gate-
source voltage of the seventh NMOS transistor N7) to O, the
bias voltage Vb has a voltage bounce downward (solid line
in FI1G. 4), and the current generated on the second NMOS
transistor N2 fluctuates accordingly. In the second switching
current source branch 23, a switch transistor N6 controlled
by the enable signal En 1s set at a source (bias node B) of a
current mirror device N5. When the switching enable signal
En transitions from a high level to a low level, a voltage of
the bias node B transitions from O to Vb-Vth (Vth 15 a
threshold voltage of the fifth NMOS transistor N3), the bias
voltage Vb has a voltage bounce upward (dotted line in FIG.
4), the current generated on the fifth NMOS transistor N3
fluctuates accordingly. The downward bounce and the
upward bounce cancel each other out, and the current on the
load 21 1s quickly established. When the switching enable
signal En changes from a low level to a high level, the
voltage of the bias node A transitions from 0 to Vb_cas—Vgs,
and the bias voltage Vb has a voltage bounce upward (solid
line in FIG. 4). The voltage of the bias node B transitions
from Vb-Vth to 0, and the bias voltage Vb has a voltage
bounce downward (dotted line i FIG. 4). The upward
bounce and the downward bounce cancel each other out, and
the current on the load 21 1s quickly established. Therefore,
the current source can be quickly established without a large
coupling capacitor, and the circuit area and cost are greatly
reduced.
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The third NMOS transistor N3 and the fourth NMOS
transistor N4 are used as dummy transistors to provide a
fixed voltage drop, so that the gate-source voltages of the
second NMOS transistor N2 and the fifth NMOS transistor
NS are equal, thus obtaining accurate bias current.

The first current source I1 still has current flowing after
the first switching current source branch 22 and the second
switching current source branch 23 are disabled, so as to
further accelerate the speed of re-establishing current.

FIGS. § and 6 show another schematic view of a switch-
ing current source circuit according to an embodiment of the
present disclosure. The difference from the circuits of FIGS.
2 and 3 1s that the embodiments of FIGS. § and 6 are
implemented using PMOS devices.

As shown i FIGS. 5 and 6, the first switching current
source branch 22 includes a first PMOS transistor P1, a
second PMOS transistor P2, and a third PMOS transistor P3.
A drain of the first PMOS transistor P1 1s connected with the
load 21, a gate of the first PMOS transistor P1 is connected
with a low voltage dn, and a source of the first PMOS
transistor P1 1s connected with a drain of the second PMOS
transistor P2. The first PMOS transistor P1 1s turned on when
its gate voltage 1s a low voltage, and the first PMOS
transistor P1 serves as a dummy transistor. A gate of the
second PMOS transistor P2 1s connected with a bias voltage
Vb, and a source of the second PMOS transistor P2 1s
connected with a drain of the third PMOS transistor P3. The
second PMOS ftransistor P2 generates a bias current as a
current source based on the bias of the bias voltage Vb. A
gate of the third PMOS ftransistor P3 1s connected with the
switching enable signal En, and a source of the third PMOS
transistor P3 1s connected with a power supply. The third
PMOS ftransistor P3 serves as a switch.

As shown 1n FIGS. 5 and 6, the second switching current
source branch 23 includes a fourth PMOS transistor P4, a
fifth PMOS transistor P5, and a sixth PMOS transistor P6. A
drain of the fourth PMOS transistor P4 1s connected with the
load 21, a gate of the fourth PMOS transistor P4 1s connected
with the switching enable signal En, and a source of the
fourth PMOS transistor P4 i1s connected with a drain of the
fitth PMOS transistor P5. The fourth PMOS transistor P4
serves as a switch. A gate of the fifth PMOS transistor P5 1s
connected with the bias voltage Vb, and a source of the fifth
PMOS transistor P5 1s connected with a drain of the sixth
PMOS transistor P6. The fifth PMOS transistor P3 generates
a bias current as a current source based on the bias of the bias
voltage Vb. A gate of the sixth PMOS ftransistor P6 1s
connected with a low voltage dn, and a source of the sixth
PMOS transistor P6 1s connected with the power supply. The
sixth PMOS transistor Pé 1s turned on when 1ts gate voltage
1s a low voltage, and the sixth PMOS transistor P6 serves as
a dummy transistor.

As an example, the gates of the second PMOS transistor
P2 and the fif

th PMOS transistor P5 are connected with one
end of a third capacitor C3 for Voltage stabilization, the other
end of the third capacitor C3 1s grounded. In actual use, the
third capacitor C3 may be arranged 1n a circuit that provides
the bias voltage Vb, and the third capacitor C3 may not be
provided when the stability of the bias voltage Vb 1s ensured.

As shown 1 FIGS. 5 and 6, as an implementation of the
present disclosure, the switching current source circuit 2
further includes a seventh PMOS transistor P7. A drain of
the seventh PMOS transistor P7 1s connected with the load
21, a gate of the seventh PMOS transistor P7 1s connected
with a preset voltage Vb_cas, and a source of the seventh
PMOS transistor P7 1s connected with the drains of the first
PMOS transistor P1 and the fourth PMOS transistor P4. As
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an example, the gate of the seventh PMOS transistor P7 1s
connected with one end of a fourth capacitor C4 for voltage
stabilization, the other end of the fourth capacitor C4 1s
grounded. In actual use, the fourth capacitor C4 may be
arranged 1n a circuit that provides the preset voltage Vb_cas,
and the fourth capacitor C4 may not be provided when the
stability of the preset voltage Vb_cas 1s ensured.

As shown 1n FIGS. 5 and 6, as an implementation of the
present disclosure, the switching current source circuit 2
turther includes a second current source 12. One end of the
second current source 12 1s connected with the drains of the
first PMOS transistor P1 and the fourth PMOS transistor P4,
and the other end of the second current source 12 1is
grounded. The function of the second current source 12 1s the
same as the function of the first current source I1, which will
not be repeated here.

As shown 1n FIGS. 5 and 6, 1n the first switching current
source branch 22, a switch transistor P3 controlled by the
enable signal En 1s set at a source (bias node C) of a current
mirror device P2. When the switching enable signal En
transitions from a high level to a low level, the bias voltage
Vb has a voltage bounce downward, and the current gener-
ated on the second PMOS transistor P2 fluctuates accord-
ingly. In the second switching current source branch 23, a
switch transistor P4 controlled by the enable signal En 1s set
at a drain (bias node D) of a current mirror device PS. When
the switching enable signal En transitions from a high level
to a low level, the bias voltage Vb has a voltage bounce
upward, and the current generated on the fifth PMOS
transistor P53 fluctuates accordingly. The downward bounce
and the upward bounce cancel each other out. When the
switching enable signal En changes from a low level to a
high level, the bias voltage Vb 1n the first switching current
source branch 22 has a voltage bounce upward. The bias
voltage Vb 1n the second switching current source branch 23
has a voltage bounce downward. The upward bounce and the
downward bounce cancel each other out, and the current on
the load 21 1s quickly established.

FIG. 7 shows a schematic view of a switching current
source circuit according to another embodiment of the
present disclosure. The difference from the previous
embodiment 1s that this embodiment includes only one
switching current source branch. The switching current
source circuit 2 includes: a switching current source branch
24 connected with one end of the load 21, to regulate the
current flowing through the load 21.

As shown 1n FIG. 7, when the switching enable signal En
transitions, a first bias node E 1n the switching current source
branch 24 generates positive bounce 1n the same direction as
the transition direction of the switching enable signal En.
When the switching enable signal En transitions, a second
bias node F in the switching current source branch 24
generates negative bounce in a direction opposite to the
transition direction of the switching enable signal En. The
positive bounce and the negative bounce cancel each other
out.

Specifically, in this embodiment, the switching current
source branch 24 includes an eighth NMOS transistor N8, a
ninth NMOS transistor N9, and a tenth NMOS transistor
N10. A drain of the eighth NMOS transistor N8 1s connected
with the load 21, a gate of the eighth NMOS transistor N8
1s connected with the switching enable signal En, and a
source of the eighth NMOS transistor N8 1s connected with
a drain of the ninth NMOS transistor N9. The eighth NMOS
transistor N8 serves as a switch. A gate of the mnth NMOS
transistor N9 1s connected with a bias voltage Vb, and a
source of the ninth NMOS transistor N9 1s connected with
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a drain of the tenth NMOS transistor N10. The ninth NMOS
transistor N9 generates a bias current as a current source

based on the bias of the bias voltage Vb. A gate of the tenth
NMOS ftransistor N10 1s connected with the switching
enable signal En, and a source of the tenth NMOS transistor

N10 1s grounded. The tenth NMOS transistor N10 serves as

a switch.
As an example, the gate of the ninth NMOS transistor N9
1s connected with one end of a fifth capacitor C5 for voltage

stabilization, the other end of the fifth capacitor C5 1s

grounded. In actual use, the fifth capacitor C5 may be
arranged 1n a circuit that provides the bias voltage Vb, and
the fifth capacitor C5 may not be provided when the stability
of the bias voltage Vb 1s ensured.

As shown 1n FIG. 7, as an implementation of the present

disclosure, the switching current source circuit 2 further
includes an eleventh NMOS transistor N11. A drain of the
cleventh NMOS ftransistor N11 1s connected with the load
21, a gate of the eleventh NMOS transistor N11 1s connected
with a preset voltage Vb_cas, and a source of the eleventh
NMOS ftransistor N11 1s connected with the drain of the
eighth NMOS transistor N8. As an example, the gate of the
cleventh NMOS transistor N11 1s connected with one end of
a sixth capacitor C6 for voltage stabilization, the other end
of the sixth capacitor Cé 1s grounded. In actual use, the sixth
capacitor C6 may be arranged 1n a circuit that provides the
preset voltage Vb_cas, and the sixth capacitor Cé may not be
provided when the stability of the preset voltage Vb_cas 1s
ensured.

As shown 1n FIG. 7, as an implementation of the present
disclosure, the switching current source circuit 2 further
includes a third current source I3. One end of the third
current source 13 1s connected with the drain of the eighth
NMOS transistor N8, and the other end of the third current
source I3 1s grounded. The function of the third current
source I3 1s the same as the function of the first current
source 11, which will not be repeated here.

As shown 1 FIG. 7, i the switching current source
branch 24, a switch transistor N8 1s set at a drain of a current
mirror device N9, and a switch transistor N10 1s set at a
source of the current mirror device N9. When the switching
enable signal En transitions, the bias voltage Vb 1s affected
and has a voltage bounce upward and downward. The
upward bounce and downward bounce cancel each other
out. The charges across the ninth NMOS transistor N9 are
shared, and the current on the load 21 1s quickly established.

FIG. 8 shows a schematic view of a switching current
source circuit according to another embodiment of the
present disclosure. The difference from the circuit of FIG. 7
1s that this embodiment 1s 1mplemented using PMOS
devices.

As shown 1n FIG. 8, the switching current source branch
24 includes an eighth PMOS transistor P8, a ninth PMOS
transistor P9, and a tenth PMOS transistor P10. A drain of
the eighth PMOS transistor P8 1s connected with the load 21,
a gate ol the eighth PMOS transistor P8 1s connected with
the switching enable signal En, and a source of the eighth
PMOS ftransistor P8 1s connected with a drain of the ninth
PMOS transistor P9. The eighth PMOS transistor P8 serves
as a switch. A gate of the ninth PMOS transistor P9 1is

connected with the bias voltage Vb, and a source of the ninth
PMOS transistor P9 1s connected Wlth a drain of the tenth

PMOS transistor P10. The ninth PMOS ftransistor P9 gen-

erates a bias current as a current source based on the bias of
the bias voltage Vb. A gate of the tenth PMOS transistor P10
1s connected with the switching enable signal En, and a
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source of the tenth PMOS transistor P10 1s grounded. The
tenth PMOS transistor P10 serves as a switch.

As an example, the gate of the ninth PMOS transistor P9
1s connected with one end of a seventh capacitor C7 for
voltage stabilization, the other end of the seventh capacitor
C7 1s grounded. In actual use, the seventh capacitor C7 may
be arranged 1n a circuit that provides the bias voltage Vb,
and the seventh capacitor C7 may not be provided when the
stability of the bias voltage Vb 1s ensured.

As shown 1n FIG. 8, as an implementation of the present
disclosure, the switching current source circuit 2 further
includes an eleventh PMOS ftransistor P11. A drain of the
eleventh PMOS transistor P11 1s connected with the load 21,
a gate of the eleventh PMOS transistor P11 1s connected with
a preset voltage Vb_cas, and a source of the eleventh PMOS
transistor P11 1s connected with the drain of the eighth
PMOS transistor P8. As an example, the gate of the eleventh
PMOS transistor P11 is connected with one end of an eighth
capacitor C8 for voltage stabilization, the other end of the
cighth capacitor C8 1s grounded. In actual use, the eighth
capacitor C8 may be arranged 1n a circuit that provides the
preset voltage Vb_cas, and the eighth capacitor C8 may not
be provided when the stability of the preset voltage Vb_cas
1s ensured.

As shown 1n FIG. 8, as an implementation of the present
disclosure, the switching current source circuit 2 further
includes a fourth current source 14. One end of the fourth
current source 14 1s connected with the drain of the eighth
PMOS ftransistor P8, and the other end of the third current
source 14 1s grounded The function of the fourth current
source 14 1s the same as the function of the first current
source 11, which will not be repeated here.

It should be noted that, the switching current source
circuit of this embodiment generates bounce in the direction
opposite to that of FIG. 7 at bias nodes H and I, respectively.
The bounce at node H and the bounce at node I are
cancelled. The principle 1s similar and will not be repeated
here.

This embodiment provides a method for quickly estab-
lishing a switching current source, which may be imple-
mented based on any of the above-mentioned circuits. Any
circuit that can implement the method of the present disclo-
sure 1s applicable to, and 1s not limited to, this embodiment.
The method for quickly establishing the switching current
source 1ncludes: generating, by the two bias nodes respec-
tively, positive bounce in the same direction as the transition
direction of the switching enable signal and negative bounce
in a direction opposite to the transition direction of the
switching enable signal when the switching enable signal En
transitions; cancelling the positive bounce with the negative
bounce, so that the current flowing through the load 1s
quickly established when a toggle event happens.

For example, taking the switching current source circuit
shown 1n FIGS. 2 and 3 as an example, two bias nodes (A
and B) are respectively provided in two parallel switching
current source branches 22 and 23. A balanced charge
coupling can be obtained by adjusting the current ratio
between the two switching current source branches, by
making Cgd_b1*(Vb_cas-Vgs_cas)=Cgs_b2*(Vb-Vth), or
making Cgd_bl*vdsat_mir=Cgs_b2*(Vb-Vth). Cgd_bl 1s
the capacitance between the gate and drain of the second
NMOS transistor N2, Vgs_cas 1s the gate-source voltage of
the seventh NMOS transistor N7, Cgs_b2 1s the capacitance
between the gate and drain of the fifth NMOS transistor N3,
and vdsat_mir 1s the minimum value of Vb_cas-Vgs_cas.
The circuit principles of FIGS. 5 and 6 are similar to those

of FIGS. 2 and 3. The two bias nodes in FIGS. 7 and 8 are
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set 1n the same switching current source branch, which can
reduce the wiring complexity when drawing the layout. The
key to the design 1s to adjust the size of the switch transistor
controlled by the enable signal En, so that the charge
changes of the two bias nodes cancel each other when the
cnable signal En 1s switched. Taking FIG. 7 as an example,
the changed charges of the bias nodes E and F are coupled
to the gate of the ninth NMOS transistor N9 through the
gate-drain capacitance Cgd and the gate-source capacitance
Cgs of the ninth NMOS transistor N9. The coupling charge
movement directions ol the two bias nodes E and F are
opposite. By adjusting the sizes of the eighth NMOS tran-
sistor N8 and the tenth NMOS transistor N10, the charges of
the two bias nodes E and F coupled to the gate of the ninth
NMOS transistor N9 are cancelled, thereby quickly estab-
lishing of the switching current source. The principles of
FIGS. 7 and 8 are similar to the circuit principles of FIGS.
2 and 3 and that of FIGS. 5 and 6, which are not repeated
here.

In summary, the present disclosure provides a switching
current source circuit and a method for quickly establishing
a switching current source. The switching current source
circuit includes a first switching current source branch and
a second switching current source branch connected 1n
parallel with one end of the load, for regulating the current
flowing through the load. When the switching enable signal
transitions, the bias node 1n the first switching current source
branch generates positive bounce 1n the same direction as
the transition direction of the switching enable signal, and
the bias node 1n the second switching current source branch
generates negative bounce in a direction opposite to the
transition direction of the switching enable signal. The
positive bounce and the negative bounce cancel each other
out, so that the current flowing through the load 1s quickly
established when a toggle event happens.

Alternately, the switching current source circuit only
includes a switching current source branch connected with
an end of the load, to regulate the current flowing through
the load. When the switching enable signal transitions, the
first bias node 1n the switching current source branch gen-
erates positive bounce 1n the same direction as the transition
direction of the switching enable signal, and the second bias
node 1n the switching current source branch generates nega-
tive bounce 1n a direction opposite to the transition direction
of the switching enable signal. The positive bounce and the
negative bounce cancel each other out, so that the current
flowing through the load 1s quickly established when a
toggle event happens. The switching current source circuit
and the method for quickly establishing the switching cur-
rent source ol the present disclosure accelerate the estab-
lishment of current through the coupling of charges, and
reduce the decoupling capacitance at the same time, thereby
reducing the circuit area and saving the costs. Therefore, the
present disclosure effectively overcomes various shortcom-
ings 1 the existing technology and has high industrial
utilization value.

The above-mentioned embodiments are just used for
exemplarily describing the principle and eflects of the
present disclosure instead of limiting the present disclosure.
Those skilled 1n the art can make modifications or changes
to the above-mentioned embodiments without going against
the spirit and the range of the present disclosure. Therelore,
all equivalent modifications or changes made by those who
have common knowledge 1n the art without departing from
the spirit and technical concept disclosed by the present
disclosure shall be still covered by the claims of the present
disclosure.
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We claim:

1. A switching current source circuit, at least comprising:

a first switching current source branch and a second
switching current source branch connected 1n parallel

with an end of a load and configured to regulate a

current flowing through the load;

when a switching enable signal transitions, a bias node 1n
the first switching current source branch generates
positive bounce in the same direction as a transition
direction of the switching enable signal, a bias node 1n
the second switching current source branch generates
negative bounce in a direction opposite to the transition
direction of the switching enable signal, the positive
bounce and the negative bounce cancel each other out,
so that the current flowing through the load 1s quickly
established when a toggle event happens,

wherein the first switching current source branch com-
prises a first NMOS transistor, a second NMOS tran-
sistor, and a third NMOS transistor, wherein

a dram of the first NMOS transistor 1s connected with
the load, a gate of the first NMOS ftransistor is
connected with the switching enable signal, and a
source of the first NMOS transistor 1s connected with
a drain of the second NMOS transistor,

a gate of the second NMOS transistor 1s connected with
a bias voltage, and a source of the second NMOS
transistor 1s connected with a drain of the third
NMOS transistor, and

a gate of the third NMOS transistor 1s connected with
a high voltage, and a source of the third NMOS
transistor 1s grounded; and

the second switching current source branch comprises a

fourth NMOS transistor, a fifth NMOS transistor, and a

sixth NMOS transistor, wherein

a drain of the fourth NMOS transistor 1s connected with
the load, a gate of the fourth NMOS transistor is
connected with the high voltage, and a source of the
tfourth NMOS transistor 1s connected with a drain of
the fitfth NMOS transistor,

a gate of the fifth NMOS transistor 1s connected with
the bias voltage, and a source of the fifth NMOS
transistor 1s connected with a drain of the sixth
NMOS transistor, and

a gate of the sixth NMOS transistor 1s connected with
the switching enable signal, and a source of the sixth
NMOS ftransistor 1s grounded.

2. The switching current source circuit according to claim
1, further comprising a seventh NMOS transistor; a drain of
the seventh NMOS transistor 1s connected with the load, a
gate of the seventh NMOS ftransistor 1s connected with a
preset voltage, and a source of the seventh NMOS transistor
1s connected with the drains of the first NMOS transistor and
the fourth NMOS {transistor.
3. The switching current source circuit according to claim
2, further comprising a first current source; one end of the
first current source 1s connected with the drains of the first
NMOS transistor and the fourth NMOS transistor, and the
other end of the first current source 1s grounded.
4. The switching current source circuit according to claim
1, further comprising a first current source; one end of the
first current source 1s connected with the drains of the first
NMOS transistor and the fourth NMOS transistor, and the
other end of the first current source 1s grounded.
5. A switching current source circuit, at least comprising;:
a switching current source branch connected with an end
of a load and configured to regulate a current tlowing

through the load;

10

15

20

25

30

35

40

45

50

55

60

65

14

when a switching enable signal transitions, a first bias

node 1n the switching current source branch generates
positive bounce in the same direction as a transition
direction of the switching enable signal, a second bias
node 1n the switching current source branch generates
negative bounce in a direction opposite to the transition
direction of the switching enable signal, the positive
bounce and the negative bounce cancel each other out,
so that the current flowing through the load 1s quickly
established when a toggle event happens,

wherein the switching current source circuit further com-

prises an eighth NMOS ftransistor, a ninth NMOS

transistor, a tenth NMOS transistor, and an eleventh

NMOS transistor, wherein

a drain of the eighth NMOS transistor 1s connected with
the load, a gate of the eighth NMOS {transistor 1s
connected with the switching enable signal, and a
source of the eighth NMOS transistor 1s connected
with a drain of the ninth NMOS transistor;

a gate of the ninth NMOS transistor 1s connected with
a bias voltage, and a source of the ninth NMOS
transistor 1s connected with a drain of the tenth
NMOS transistor:

a gate of the tenth NMOS transistor 1s connected with
the switching enable signal, and a source of the tenth
NMOS ftransistor 1s grounded; and

a drain of the eleventh NMOS transistor 1s connected
with the load, a gate of the eleventh NMOS transistor
1s connected with a preset voltage, and a source of
the eleventh NMOS transistor 1s connected with the
drain of the eighth NMOS transistor.

6. The switching current source circuit according to claim
5, turther comprising a third current source; one end of the
third current source 1s connected with the drain of the eighth
NMOS transistor, and the other end of the third current
source 1s grounded.

7. A switching current source circuit, at least comprising:

a first switching current source branch and a second

switching current source branch connected 1n parallel

with an end of a load and configured to regulate a

current flowing through the load;

when a switching enable signal transitions, a bias node 1n

the first switching current source branch generates
positive bounce in the same direction as a transition
direction of the switching enable signal, a bias node 1n
the second switching current source branch generates
negative bounce in a direction opposite to the transition
direction of the switching enable signal, the positive
bounce and the negative bounce cancel each other out,
so that the current flowing through the load 1s quickly
established when a toggle event happens,

wherein the first switching current source branch includes

a first PMOS transistor, a second PMOS transistor and

a third PMOS transistor, wherein

a drain of the first PMOS transistor 1s connected with
the load, a gate of the first PMOS ftransistor 1s
connected with a low voltage, and a source of the
first PMOS transistor 1s connected with a drain of the
second PMOS transistor,

a gate of the second PMOS transistor 1s connected with
a bias voltage, and a source of the second PMOS
transistor 1s connected with a draimn of the third
PMOS transistor, and

a gate of the third PMOS transistor 1s connected with
the switching enable signal, and a source of the third
PMOS ftransistor 1s connected with a power supply;
and
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the second switching current source branch includes a gate of the seventh PMOS transistor 1s connected with a
fourth PMOS transistor, a fifth PMOS transistor and ~ preset voltage, and a source of the seventh PMOS transistor
a sixth PMOS transistor, wherein 1s connected with the drains of the first PMOS transistor and
a drain of the fourth PMOS transistor 1s connected with the fourth PMOS transistor.
the load, a gate of th‘?: foyrth PMOS Fransistor 1S 9. The switching current source circuit according to claim
connected with the switching enable signal, and a 8, further comprising a second current source; one end of the
SOUILE of Fhe fourth PMOS transistor 1 connected second current source 1s connected with the drains of the first
with a drain of the fifth PMOS transistor, PMOS transistor and the fourth PMOS transistor, and the

a gate of the fifth PMOS transistor 1s connected with the
bias voltage, and a source of the fifth PMOS ftran- 1¢
sistor 1s connected with a drain of the sixth PMOS
transistor, and

a gate of the sixth PMOS ftransistor 1s connected with
the low voltage, and a source of the sixth PMOS
transistor 1s connected with the power supply. 15

8. The switching current source circuit according to claim
7, Turther comprising a seventh PMOS transistor; a drain of
the seventh PMOS transistor 1s connected with the load, a ¥k ok k%

other end of the second current source 1s connected with the

power supply.

10. The switching current source circuit according to
claim 7, further comprising a second current source; one end
of the second current source 1s connected with the drains of
the first PMOS transistor and the fourth PMOS transistor,
and the other end of the second current source 1s connected
with the power supply.
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